Reasons for performing study: Dehydration and heat stress are serious welfare issues for equids working in developing countries. There is a lack of any standardised method or validated interpretation of the skin tent test in horses and donkeys. Owners of dehydrated and heat-stressed animals often depend on veterinary examination for identification of these conditions, leading to delays in treatment and unnecessary reliance on external sources to effect welfare improvement. Objectives: To validate a standardised skin tent test for dehydration and a behavioural measure of heat stress in working equids; and to examine the effect of heat stress and dehydration on tripping and staggering behaviour. Methods: The study was carried out on 130 working horses and donkeys in Pakistan. Associations between skin tent and blood parameters (packed cell volume [PCV], serum total protein [TP], serum osmolality), clinical parameters, resting and drinking behaviour were examined. Heat stress behaviour (increased respiratory rate and depth, head nodding, flared nostrils, apathy) was observed in conjunction with rectal temperature. Tripping and staggering were assessed using a simple obstacle course. Results: In both species, heat stress behaviour was significantly associated with increased rectal temperature (P<0.001). A positive skin tent test was not significantly associated with PCV or TP, although in donkeys it was significantly associated with lower serum osmolality (P<0.001). More animals age >15 years had a positive skin tent than those in younger age groups (P = 0.037). Very thin horses were more likely to have a positive skin tent than those in thin or moderate condition (P = 0.028). There was no significant correlation between skin tent and tripping or staggering in either species. Conclusions and potential relevance: Heat stress behaviour is related to increased body temperature in working horses and donkeys. Owners may use this to make judgements regarding rest and cooling, precluding the need to seek veterinary attention. The skin tent test for dehydration used in this study did not show a significant relationship with PCV or TP. However, the use of blood parameters to validate the skin tent test may be confounded by anaemia, hypoproteinaemia or electrolyte depletion. Alternative methods are needed to confirm or refute the validity of the skin tent test in working equids.
Introduction
used a novel protocol to assess the welfare of 4903 animals used for draught, pack and ridden work in Afghanistan, Egypt, India, Jordan and Pakistan. Increased skin tent duration was found in 37% of donkeys and 50% of horses. Less than 4% of animals showed behavioural signs of heat stress (increased respiratory rate, increased respiratory depth, head nodding, flared nostrils, apathy); however, observations were made during the winter and spring periods of 2002/03. In summer, veterinary staff report a much higher prevalence (up to 80%) of both increased skin tent duration and signs of heat stress. Where animals are working in ambient temperatures of up to 48°C, this is a cause for serious welfare concern.
No clear definition of heat stress has emerged from the veterinary literature; it is variously used to describe hyperthermia and consequent effects on physiology, fatigue and performance capacity.
Skin turgor (tenting) refers to the skin's propensity to return rapidly to its normal contour after being raised in a fold pinched between the examiner's thumb and forefinger, while skin tent duration is the temporal delay in this return (Dorrington 1981) . Tenting of the skin is reported in clinical textbooks as one of the cardinal signs of dehydration in animals (Ettinger and Feldman 2000) . Dorrington (1981) notes that, despite its ubiquitous use in medicine, the findings of the skin turgor test are rarely described precisely. This may be due to a variable baseline (in healthy human individuals, skin tent duration varies with age, from less than 1 sec in children to more than 20 sec in the elderly) or due to the pathology of the clinical sign being poorly understood. There is also a paucity of information in the veterinary literature, regarding precise findings or pathology, and a lack of any standardised measurement method or validated interpretation of skin tent duration. Clinicians may use the skin on the neck, shoulder, ribs or eyelid. In healthy horses and donkeys, skin tent duration appears to be affected by body condition, head and neck position, movement (including panniculus muscle twitches), the anatomical location where skin is pinched, the distance that skin is pulled away from its normal contour before releasing and the force of the pinch (J.C.P., personal observation). Skin tent duration also appears to vary with age, although this may not be analogous to the agerelated variability seen in man.
Other measures of dehydration in common use are estimations of packed cell volume (PCV), serum total protein (TP) and osmolality in peripheral venous blood. In healthy animals with uncomplicated dehydration, PCV and TP become elevated as plasma volume decreases. Serum osmolality can be used to distinguish between hypotonic, hypertonic and isotonic dehydration in the horse (Brownlow and Hutchins 1982) .
In a review of thermoregulation in the exercising horse, concluded that despite the enormous heat loads generated, potent mechanisms for heat dispersal or storage exist in most circumstances. An exception to this occurs when animals are forced to exercise under adverse environmental conditions. Dehydration and rehydration have been studied in horses exercising on a treadmill in hot and humid conditions (Hyyppä et al. 1996) and during endurance exercise (Nyman et al. 1996; Flaminio and Bush 1998) . However, to date, published studies of dehydration or heat stress in equids working in developing countries, often under high environmental heat load, are lacking.
The aims of this investigation were to: 1) validate a skin tent test for dehydration in working equids, using haematological and clinical parameters and drinking behaviour; 2) validate a set of behavioural signs of heat stress (increased respiratory rate, increased respiratory depth, head nodding, flared nostrils, apathy), using rectal temperature measurements; and 3) investigate whether heat stress or dehydration are associated with a lack of spatial awareness or incoordination during movement, expressed as an increase in tripping or staggering during simple walking tests.
Materials and methods
This study was carried out in Lahore, Pakistan, during August 2004, under ethical approval from the University of Bristol (Investigation number UB/04/075) and was compliant with Pakistan law regarding ethical use of animals in science. All observations were made at Brooke's field clinics for working equids, using a standard test protocol carried out by a single observer (J.C.P.). Preliminary testing of the method was carried out during the first 3 days of the study period.
Animals
The case-control study aimed to look at a minimum of 50 horses and 50 donkeys, 25 with a positive and 25 with a negative skin tent test for each species. Animals recruited to the study were working in the vicinity of the clinics, transporting people by cart or goods by cart or pack. The sample group was selected on the basis of their skin tent test; those presented to the clinic for treatment of disease or lameness were not selected.
Assessment of skin tent and heat stress behaviour
The skin tent test was standardised by specifying that the animal had its head up in a natural position and pointing straight ahead. The right hand of the observer rested at the base of the animal's neck, with the knuckle at the base of the little finger lying against the cranial margin of the animal's left scapula. A vertical fold of skin overlying the brachiocephalicus muscle was pinched, without rolling, squeezing or pulling the skin. A score of 0 (normal) was recorded if the skin returned to a normal position immediately after it was pinched and released. This represented a latency of approximately 0.75 sec or less. A score of 1 (abnormal) was recorded if there was any delay in return of the tented skin to its normal position.
Heat stress was defined as an animal displaying at least 4 of the following: flared nostrils, increased respiratory rate, increased respiratory depth, head nodding and apathy.
Resting behaviour observations
Observations of general attitude, response to observer approach, response to observer walking down the animal's side, tail tuck (donkeys only) and chin contact were recorded, as were signs of heat stress. These observations were made according to the working equine welfare assessment protocol and associated guidance notes, described by Pritchard et al. (2005) .
Walking tests
All animals were handled by one of 2 trained handlers (M.H., N.A.). Each animal was assessed for spatial awareness and coordination using 2 tests. 1) Trotting poles ('trip'): the animal was walked in a straight line across 5 trotting poles (spaced 1.1 m apart for donkeys and 1.5 m apart for horses) and returned across the poles in the opposite direction. The total number of times that any pole was touched by any foot was recorded. A touch was defined as an audible sound of a hoof touching a pole and/or a visible movement of the pole as the animal stepped over it.
2) L-maze ('stagger'): the animal was walked through a 12 m long L-shaped corridor made from 2 walls of jute sacking attached to a frame of bamboo posts. For donkeys, the corridor was 0.7 m wide and wall height was 0.8 m. For horses, the width of the corridor was 1.0 m and wall height was 1.2 m. A rope stretched on the ground exactly midway between the walls marked the centre line. The handler faced the animal and kept its front feet on the centre line as he led it through the maze in one direction, turned outside the maze and returned in the other direction. The total number of times that the body, hind legs or hind feet of the animal touched the walls was recorded.
Clinical examination
Respiratory rate, heart rate, gingival mucous membrane colour and capillary refill time were recorded. Body condition (BCS) was scored on a scale of 1 (very thin) to 5 (very fat), including half scores. Pulse quality in the facial artery was scored as 0 (normal) if it could be located and counted readily for 5 sec, or 1 (weak) if it was hard to locate and/or could not be tracked easily. Rectal temperature was recorded using a mercury thermometer.
Blood sample
A 20 ml jugular venous blood sample was collected and an aliquot centrifuged and analysed immediately for PCV (Haematokrit 20) 1 . The remaining sample was divided between EDTA and SST II Plus vacutainers 2 . Serum was separated (EBA-20) 1 on site and all samples were submitted to a veterinary laboratory (Ibrahim Polyclinic, Lahore, Pakistan) for determination of TP (Cobas Mira) 3 , sodium, potassium, chloride (Nova 16) 4 and osmolality (Advance Osmometer 3D3) 5 . Control samples from 10 donkeys and 10 horses were sent to the national reference laboratory (Aga Khan University Hospital Laboratories, Karachi, Pakistan).
Drinking test
Animals were led to the test area and tied to a ground ring. Water was offered in a choice of buckets, each filled with 15 l water at ambient environmental temperature. During a 10 min observation period the following were recorded: latency to investigate water (defined as touching a container or lowering the muzzle below the level of a container rim); latency to first drink; number of draughts; time taken for each draught; last minute (out of the 10 min period) when water was drunk; and total volume drunk. If the animal drank during the test, water temperature was recorded in the first container from which a drink was taken, otherwise water temperature in the first container to be investigated was recorded.
Data analysis
Data from 2 donkeys were eliminated due to evidence of severe systemic disease. Exploratory analysis showed the distribution of several observations to be non-Gaussian; therefore, nonparametric tests were used in all subsequent analyses. Correlations between continuous data relating to rectal, heart and respiratory rates, drinking behaviour and blood parameters were analysed using Spearman's rank correlation. Associations between categorical data (relating to other behavioural and clinical observations) and continuous data were analysed using the Mann-Whitney test. Associations between pairs of categorical data were analysed using the Chi-squared test. The level of significance was set at P<0.05 for all analyses. Statistical analysis was performed using SPSS v.12.0 6 .
Results
Details of animals recruited to the study are summarised in Table 1 .
Validation of heat stress behaviour
The presence of heat stress behaviour was significantly associated (P<0.001) with increased rectal temperature in both horses and donkeys. Table 2 compares the median, lower quartile and upper quartile for rectal temperature, respiratory rate and heart rate in animals that showed behavioural signs of heat stress and those that did not. Table 3 summarises results of blood samples in horses and donkeys. Working horses demonstrated no significant association between skin tent and PCV, TP or serum osmolality. More horses age >15 years had a positive skin tent than those age 5-15 years (P = 0.037). Animals with a very low body condition score (BCS 1) were more likely to have a positive skin tent than those with BCS 2 or 3 (P = 0.028). Demeanour, resting behaviour and clinical observations were not significantly associated with a positive skin tent test. Serum osmolality was not associated with any behavioural or clinical observations. Working donkeys also demonstrated no significant association between a positive skin tent test and PCV or TP; however, there was a highly significant association with lower serum osmolality (P<0.001). Younger donkeys were less likely to show a positive skin tent than those age >15 years (P = 0.002). No association between skin tent and body condition was found in donkeys. A positive skin tent test was also not significantly associated with demeanour, resting behaviour or any clinical observations except pale mucous membranes (P = 0.043).
Validation of the skin tent test for dehydration

Walking behaviour
Tripping and staggering were not significantly associated with rectal temperature, skin tent, PCV, TP or osmolality in working horses. In donkeys, the only significant association was a weak negative correlation between osmolality and tripping behaviour (r = -0.275, P = 0.029), indicating that donkeys with lower serum osmolality touched more trotting poles with their feet during the first walking test. Table 4 summarises drinking behaviour for both species; horses had a shorter latency to approach and drink water, took more draughts, spent longer drinking and drank a larger volume. Donkeys appeared to be more efficient, spending less time drinking and taking fewer draughts. Maximum volumes drunk in 10 min were 9 and 18.45 l for a donkey and horse, respectively. Water temperature varied from 27 to 38°C and did not correlate significantly with any aspect of drinking behaviour. Table 5 illustrates correlations between rectal temperature and drinking behaviour. Many more significant correlations were found in donkeys than horses. In both species, no significant associations were found between a positive skin tent test and any aspect of drinking behaviour. PCV and TP were also not correlated with drinking behaviour. Horses demonstrated a moderate positive correlation (r = 0.548, P<0.001) between higher serum osmolality and higher water intake; this relationship was weaker in donkeys (r = 0.291, P = 0.021). Higher values for serum osmolality also correlated moderately with total time spent drinking, in both horses (r = 0.431, P = 0.002) and donkeys (r = 0.331, P = 0.008).
Drinking behaviour
Discussion
Stress has been defined as the biological response elicited when an individual perceives a threat to its homeostasis (Moberg 2000) ; heat stress is therefore the response elicited by perception of a thermal threat to homeostasis. The degree of elevation in body temperature that causes an animal to perceive such a threat, and demonstrate a measurable response, is likely to vary within and between species. Behavioural signs of heat stress used in this study were selected in an attempt to represent both physiological and mental components of stress.
Horses exercising in conditions of high ambient temperature and humidity are at risk of developing life-threatening hyperthermia (Geor et al. 1995) . In working equids, increased body temperature was related to the presence of heat stress behaviour. The 5 components defining heat stress behaviour (increased respiratory rate, increased respiratory depth, head movement, flared nostrils and apathy) may be recognised easily without the need for diagnostic equipment. Geor et al. (1995) found thermoregulatory demand to be reflected by higher respiratory rates in hot, humid conditions than in cool, dry conditions. Matthews et al. (1998) reported resting respiratory rates of up to 39 breaths/min in donkeys kept in a hot environment, concluding that a high baseline respiratory rate is a mechanism for maintaining body temperature in hot conditions. In this study, the median respiratory rate in donkeys showing heat stress behaviour was 68 breaths/min, allowing this component of heat stress behaviour to be distinguished clearly from a high resting rate. In man, hyperthermia is known to contribute to neuromuscular fatigue (Nybo and Nielsen 2001) , while Hodgson and Rose (1994) stated that hyperthermia has been implicated as a cause of fatigue during prolonged submaximal exercise in horses. Owners of equids may use heat stress behaviour to inform judgements regarding rest and cooling, precluding the need to seek veterinary attention for diagnosis by rectal temperature measurement. This has multiple benefits, including reduction in time taken to improve the animal's condition, prevention of further heat load and fatigue while travelling to and waiting for veterinary services, reduction in financial and time costs to the owner and reduction in dependency on external sources to effect welfare and management improvements for the animal.
Horses can lose in excess of 10-12 l sweat fluid/h (McCutcheon and Geor 1996) and even in moderate environmental conditions, dehydration of 6% or more of bodyweight can occur during approximately 3 h exercise (Kingston et al. 1997) . Changes in blood parameters in the horse during dehydration and/or rehydration have been evaluated in many studies; these are summed up by Barton et al. (2003) , who concluded that the magnitude, direction (increase or decrease) and sequelae of haematological and biochemical changes during prolonged, submaximal exercise in the horse are difficult to characterise consistently. Haematological and biochemical reference ranges for clinically healthy working horses in Pakistan have been established in a concurrent study (J.C. Pritchard et al., unpublished data) , but no equivalent reference values exist for donkeys. This study found TP values for horses to be within the normal range for Pakistan and TP in donkeys to be within the standard UK reference range, which may indicate either normality, or dehydration superimposed on hypoproteinaemia. Values for PCV were low; mean ± s.d. 27.1 ± 3.1% in horses (reference 32.8 ± 4.3%) and 28.6 ± 3.6% in donkeys. In this population, conditions predisposing to anaemia and hypoproteinaemia, such as mal-and under-nutrition, trypanosomiasis and helminthiasis, are widespread. Another reason for low PCV may be stress anaemia, recognised in racing sled dogs and possibly over-trained Thoroughbreds, due to depression of erythropoiesis after several months of training (Kronfield 2001) . This would seem to be a risk for equids pulling or carrying loads for several hours each day.
In this study, most animals were in the lower end or below the standard reference range for osmolality, which could represent chronic electrolyte depletion or acute dehydration due to sweat losses during exercise. Hyyppä et al. (1996) postulated that horses acclimatised to exercising in hot and humid conditions might be able to use the electrolyte-rich fluid pool in the gut to compensate for sweat electrolyte losses more effectively than nonacclimatised horses, although compensation does not appear to have occurred in animals in the present study. Chronic dehydration and a poor diet may reduce electrolyte availability or transport and hence the efficacy of this mechanism in working animals.
One of the aims of our study was to validate a skin tent test as a simple field test for dehydration. It was found that, at least in working equids in Pakistan, blood parameters cannot act as the 'gold standard' for evaluation of skin tent, due to the confounding effects of chronic malnutrition, electrolyte depletion, disease and parasitism. The significant association with age in both species and with poor body condition in horses suggests that the skin tent test used may not be valid across the range of working animals studied. Due to the predominance of older horses in thin to very thin body condition working in Lahore, it was not possible to match the skin tent positive and negative groups for age and BCS in this study. The highly significant association (P<0.001) between a positive skin tent test and low serum osmolality in donkeys suggests that skin tent could be a valid marker for dehydration. Tripping behaviour also correlated with lower serum osmolality in donkeys, implying an effect of hydration status on ability to work safely and efficiently. However low osmolality is not a definitive indicator of dehydration in either species, and no similar relationships were found in the horse.
The equine thirst mechanism is stimulated by plasma hypertonicity (Butudom 2003) and, among donkeys in this study, higher serum osmolality correlated with both a shorter latency to first drink and a larger volume of water drunk. However, plasma may be hypo-or isotonic in animals producing hyper-or iso-osmolar sweat during exercise, and hypotonic in animals with chronic electrolyte depletion due to malnutrition or long-term sweat losses, and therefore drinking behaviour may not be a good indicator of dehydration. No significant relationship between the skin tent test and drinking behaviour was found in either species. Thirst may also be inhibited by depressed or altered mentation (Ganong 2005) , as can be seen with severe heat stress, although this study found heat stress behaviour to correlate positively with all aspects of drinking behaviour in donkeys. The link may be directly causal or via an interrelationship with dehydration; in man, the magnitude of hyperthermia is directly related to the amount of dehydration accrued during prolonged exercise (Montain and Coyle 1992) .
The effects of dehydration on welfare are recognised in the horse; inadequate water availability has been reported as a risk factor for colic (Reeves et al. 1996) , while Rose (1986) concluded that exercise-related problems, including exhaustion, could be prevented by adequate electrolyte and water intake. As little as 3% dehydration has been found to decrease performance capacity (Dahlborn et al. 1995) . In working equids, decreases in work capacity will affect the owner's income adversely and thereby reduce the amount of food and care provided to the animal.
Acute dehydration arising from exercise and thermal stress is assumed to be superimposed on chronic dehydration resulting from poor water availability and traditional watering habits of owners. In combination with (and possibly exacerbating) concurrent malnutrition and anaemia, this is likely to affect both welfare and work capacity. Until a valid and practical method for assessing dehydration is available in Pakistan, a comprehensive evaluation of the contributing risk factors cannot be made. However, the validity of heat stress behaviour as a means to identify increased body temperature allows owners to rest and cool their animals as soon as signs are recognised. Advocating water to drink as part of the cooling process should alleviate dehydration, while further studies are being carried out in the same equine population to identify other measures of hydration status, risk factors and appropriate strategies for improvement.
